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Clinical scores determining the likelihood of acute appendicitis (AA), including the Alvarado
score, were devised using a younger population, and their efficacy in predicting AA in elderly
patients is not well documented. This study’s purpose is to evaluate the utility of Alvarado scores
in this population. A retrospective chart review of patients >65 years old presenting with patho-
logically diagnosed AA from 2000 to 2010 was performed. Ninety-six patients met inclusion cri-
teria. The average age was 73.7 6 1.5 years and our cohort was 41.7 per cent male. The average
Alvarado score was 6.96 0.33. The distribution of scores was 1 to 4 in 3.7 per cent, 5 to 6 in 37.8 per
cent, and 7 to 10 in 58.5 per cent of cases. There was a statistically significant increase in patients
scoring 5 or 6 in our cohort versus the original Alvarado cohort (P < 0.01). Right lower quadrant
tenderness (97.6%), left shift of neutrophils (91.5%), and leukocytosis (84.1%) were the most com-
mon symptoms on presentation. In conclusion, our data suggest that altering our interpretation of
the Alvarado score to classify elderly patients presenting with a score of ‡5 as high risk may lead to
earlier diagnosis of AA. Physicians should have a higher clinical suspicion of AA in elderly patients
presenting with right lower quadrant tenderness, left shift, or leukocytosis.
A CUTE APPENDICITIS IS the most common cause ofabdominal pain resulting in surgery in the United
States, with approximately seven per cent of the
American population experiencing appendicitis in
their lifetime. The diagnosis and management of this
disease have evolved with continued medical and sur-
gical advancements. Appendicitis is known to be a dis-
ease of younger age groups with only 5 to 10 per cent of
cases occurring in the elderly population.1 However, the
incidence of the disease in older age group seems to be
rising, likely due to increase in life expectancy.1, 2
Acute appendicitis in the elderly is often character-
ized by an atypical presentation and a delay in seeking
medical attention. The prognosis of uncomplicated
appendicitis in both young and old age groups is nearly
equal.3 However, the delay in presentation, diagnosis,
and treatment in the elderly results in worsened clini-
cal condition at presentation and higher perforation
rates leading to increased morbidity and mortality.3
Several scoring systems for determining the likeli-
hood of acute appendicitis based on presenting signs,
symptoms, and laboratory values have been developed
and used clinically for many years. One such score, the
Alvarado score,4 was developed based on the pre-
sentation pattern, clinical and laboratory variables of a
younger population (mean patient 23.4–25.9 years of
age)4, 5 and was validated in this younger cohort.
However, the utility, reliability, and accuracy of these
scoring systems in predicting acute appendicitis in
patients 65 years of age and older is unknown. We
therefore sought to evaluate the utility of the Alvarado
score in predicting acute appendicitis in the elderly.
Methods
Study Design
This is a retrospective review of a Department of
Pathology database of all surgical specimens containing
the vermiform appendix from January 2000 to Decem-
ber 2010 at the University of North Carolina. A subset
of elderly patients ($65 years of age) who presented
consecutively with appendicitis based on pathologic
criteria and report were selected manually from the da-
tabase. Patients with a pathologic diagnosis of chronic
appendicitis, those who presented for elective interval
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appendectomy, or those who had incidental findings of
appendicitis during other procedures, were excluded.
For patients meeting inclusion criteria, individual
medical records were reviewed. Data points that were
extracted included baseline demographics, such as age
and sex, as well as clinical and laboratory variables,
including time from onset of pain to hospital pre-
sentation, migration of pain to the right lower quadrant
(RLQ), presence of anorexia, nausea or vomiting, body
temperature, white blood cell (WBC) level, left shift or
neutrophilia $70 per cent, tenderness in the RLQ,
rebound tenderness, previous emergency department
or clinic visits, and time from symptoms to operative
intervention. Outcome variables included hospital
length of stay, pathological characteristics of the ver-
miform appendix, postoperative complications, and
discharge destination. These data were then used to
calculate an Alvarado score for each patient. Data
variables and components of the Alvarado score are
outlined in Table 1. The standard interpretation of the
Alvarado score is that scores of 1 to 4 correspond to
low, 5 to 6 to intermediate, and 7 to 10 to high risk for
appendicitis.
Data Analysis
Presenting symptoms, occurrence of different patho-
logical forms of appendicitis [categorized as uncom-
plicated (nonperforated or suppurative) and complicated
(perforated or gangrenous) appendicitis], and Alvarado
scores for each patient were calculated. We then com-
pared the resulting score distribution of our data set with
the original Alvarado data.4
Categorical variables were analyzed with the chi-
squared test, whereas continuous variables were an-
alyzed by the t test. TheWilcoxon rank sum test was used
for comparison of abnormally distributed groups of data,
and P < 0.05 were considered statistically significant.
Results
A total of 114 patients >65 years of age were identified
in the database, and 96 patients with pathologically proven
acute appendicitis met inclusion criteria. The mean age
was 73.7 ± 1.5 years (range: 65–104) and the study po-
pulation was 41.7 per cent male (40/96), with the male to
female ratio 1:1.4.
Preadmission Variables
The mean duration of pain before presentation was
2.8 ± 0.8 days. The duration of pain before pre-
sentation to the emergency room (ER) was 1.4 days for
patients with uncomplicated appendicitis and 3.9 days
for patients with complicated appendicitis (P 4
0.0003). Delayed presentation to the hospital of $48
hours was found in 42 out of 91 patients (46.2%); 5
patients were excluded from this analysis due to lack
of appropriate data. A delay in presentation was
observed in 10 (25%) and 32 (62.7%) cases of un-
complicated and complicated appendicitis, respectively.
A total of 10 (11.6%) patients had been seen in a nearby
ER or in outpatient clinic and were diagnosed with
diverticulitis or urinary tract infection before pre-
sentation to University of North Carolina; all of these
patients represented and were appropriately diagnosed
with delay of 9.2 ± 5.6 days from the onset of symp-
toms. All were subsequently found to have complicated
appendicitis.
Diagnostic Variables
CTwas performed in 94 (97.9%) cases. In two cases,
CTs were performed twice, and in one case three CT
scans were obtained. CT eventually led to the correct
diagnosis in only one of the two cases. Acute appen-
dicitis was correctly diagnosed in 80 (81.6%) of
completed CTs and missed in 5 (5.1%). Incorrect di-
agnoses included indefinite diagnosis or an unrelated
disease diagnosed in 13 (13.3%) CT scans. Ultrasound
was performed in seven (7.3%) cases with negative
result in three and indeterminate result in four studies.
Preoperative Course
The mean time between presentation to the ER and
transfer to the operating room was 10.3 ± 2.5 hours.
The delay to operation exceeded 24 hours in 2 (4.3%)
cases due to misdiagnosis.
Pathological Data
In our cohort, 52 (54.2%) of the elderly patients had
complicated appendicitis (Table 2). Only one person
(1%) had a benign tumor—a polyp. Interestingly, two
cases of complicated appendicitis were identified as
stump appendicitis. In one of these cases, the patient
had undergone laparoscopic appendectomy three years
TABLE 1. The Alvarado Scoring System4
Variable Score





Nausea or vomiting 1
Anorexia 1
Left shift of neutrophils (neutrophils $70%) 1
Total 10
previously; in the other case, there was an accidental
appendectomy during a C-section many years prior.
Presenting Symptom Characteristics
Tenderness in the RLQ, left shift of neutrophils
(neutrophilia $70%), and leukocytosis (WBC >10)
were more common (97.6%, 91.5%, and 84.1%, re-
spectively) for elderly patients in our study than other
presenting symptoms and signs included in the
Alvarado scoring system (Fig. 1).4 The signs and
symptoms with lowest correlation in elderly patients
were migration of pain to the RLQ, presence of re-
bound tenderness, and temperature elevation to
$37.3°C (Fig. 2).
Distribution of the Alvarado Score
The mean Alvarado Score in our study population
was 6.9 ± 0.33 for patients who had the requisite var-
iables to calculate the Alvarado score (n 4 82) in the
entire cohort. The frequency of low-risk Alvarado
scores (1–4) was observed in 3.7 per cent of cases.
Alvarado scores indicating intermediate risk of ap-
pendicitis (5–8) were observed in 86.6 per cent of
cases and high-risk scores of 9 or 10 were observed in
9.7 per cent of cases. An Alvarado score between 5 and
8 was found to correlate more for acute appendicitis in
our elderly cohort, irrespective of the pathological type
of appendicitis.
Comparative analysis of our data in the elderly
population with the original Alvarado data is shown in
Table 3. There was a statistically significant increase
in the number of patients scoring 5 or 6 in our cohort
compared with the original Alvarado cohort (P < 0.01);
TABLE 2. Types of Acute Appendicitis in Our Study Population
Pathologic Description of Acute Appendicitis Entire Cohort (n 4 96)
Uncomplicated Inflamed 6 (6.25%)
Suppurative 38 (39.6%)
Fecalith present 22 (22.7%)
Complicated Perforated 48 (50%)
Gangrenous 4 (4.2%)
Fecalith present 30 (30.8%)
FIG. 1. Presenting signs and symptoms of
the Alvarado score in elderly patients.
FIG. 2. Distribution of the Alvarado score in elderly patients
with acute appendicitis.
these scores were observed in elderly patients 2.5 times
more frequently.
Postoperative Course
Thirty-one (33%) patients suffered a total of 38
postoperative complications, as outlined in Table 4. An
image guided drain was placed in nine patients with
intra-abdominal abscesses. A total of five (5.3%) pa-
tients underwent reoperation secondary to small bowel
obstruction, wound dehiscence, or ileostomy take-
down. In patients with complicated appendicitis, intra-
abdominal abscesses and reoperations were more
common. However, wound infection rates were similar
in both groups.
The overall mean length of stay in the hospital is
5.88 ± 1.02 days. Patients with uncomplicated and
complicated appendicitis stayed in the hospital an av-
erage of 4.3 versus 7.1 days (P4 0.005). A majority of
patients were discharged to their prior residential sit-
uation (home versus skilled nursing facility). Only 16
patients (19%) temporarily lost independence and re-
quired home health services, whereas 4 patients (4.8%)
permanently lost their ability of living independently
and required placement in a skilled nursing facility.
Table 5 demonstrates discharge destinations for the
study population. The postoperative mortality rate was
1.2 per cent; one patient with complicated appendicitis
and several significant comorbidities, including meta-
static lung cancer, coronary artery disease, and history
of deep vein thrombosis, died.
Discussion
In this study, we show that the use of the Alvarado
scoring system for the diagnosis of acute appendicitis
requires modification to maintain reliability in patients
65 years of age and older. Studies have shown that as
our nation’s population continues to age, the number of
elderly patients presenting with acute abdominal pain
will increase. Similarly, a commensurate increase in
the number of elderly patients diagnosed with and
treated for acute appendicitis must be anticipated.6
Numerous studies have demonstrated a delay in pre-
sentation, increased risk of perforation and associated
complications, as well as increased morbidity and
mortality in this aged population.2, 7 Our data further
support these findings and clearly identify the need for
improved and timely diagnosis of acute appendicitis in
the elderly.
The rate of complicated appendicitis in the elderly was
higher in our study than is reported in the general pop-
ulation, 50 versus 20 to 30 per cent, respectively.2, 4, 8–10
More than 10 per cent of elderly patients in our study
presented more than once to the ER or clinic before
appropriate diagnosis of appendicitis was made; per-
foration was identified in all of these patients at the
time of operation. Other authors report similar delays
in elderly.11, 12
Symptoms that demonstrated a stronger association
with acute appendicitis in our study included tender-
ness in the RLQ, leukocytosis, and presence of left shift
(neutrophilia $70%). Other studies have demonstrated
that one of the greatest predictors of acute appendicitis
are laboratory inflammatory symptoms and, in opposi-
tion to our results, pain migration and peritoneal irri-
tation signs.13 Unfortunately, the diagnostic specificity
TABLE 3. The Comparison of Distribution of Alvarado Scores in Our Study with Original Alvarado Data
Score Distribution Our Data (%) Original Alvarado Data4 (%) P Value
Score 1–4 3.7 3.5 0.92
Score 5–6 37.8 15.4 <0.001
Score 7–10 58.5 81 0.01
Score 7–8 48.8 48.9 0.99
Score 9–10 9.7 32.1 <0.001
TABLE 4. Frequency of Postoperative Complications
Postoperative Complication Number (%)
Wound infection 12 (12.8)
Intra-abdominal abscess 10 (10.6)
Small bowel obstruction 4 (4.3)
Wound hematoma 2 (2.1)
Urinary tract infection 2 (2.1)
Pulmonary edema 2 (2.1)
Wound dehiscence 1 (1)
Rectal bleeding (after ileocectomy) 1 (1)
Pneumonia 1 (1)
Pulmonary embolus 1 (1)
Myocardial infarction 1 (1)
Clostridium difficile colitis 1 (1)
TABLE 5. Discharge Destinations of Elderly Patients after
Appendectomy
Discharge Destination Number (%)
Home with no services 60 (71.4)
Home with home health care 16 (19)
Skilled nursing facility, where
patient previously resided
3 (3.6)
Skilled nursing facility, new
placement
3 (3.6)
Acute inpatient rehabilitation 1 (1.2)
Long term acute care hospital 0 (0)
Death in hospital 1 (1.2)
of these symptoms remains low.4 Temperature elevation
and rebound tenderness were not reported in nearly
70 per cent of elderly patients in our study at time of
presentation. These findings may be due to age-related
relative immunomodulation14 and weakness of the
abdominal wall.15 However, as previously shown by
meta-analysis, variances of the Alvarado score are
weak individual predictors, but in combination provide
high discriminating power.13, 16
Length of stay in our study (5.9 days) was compa-
rable to data from other studies (4.8–7.8 days).9, 10 The
overall morbidity rate of 33 per cent in our study was
in line with numerous other publications,7, 17, 18 but it
was higher than some reported data.2, 11 The mortality
rate in our study (1%) was similar to other recent
studies in the elderly population.9–11, 18
Although the preponderance of females in our study
is unlike the demographics of the younger population,
this ratio is consistent with the findings of other au-
thors,9, 17, 19, 20 and could be related to the longer life
expectancy of women. Sensitivity of CT in diagnosis
of acute appendicitis among elderly patients was lower
than in literature for the general population (81.6% vs
95–100%),21, 22 likely linked to a low prevalence of
appendicitis in the elderly population. Delay in oper-
ation for more than 24 hours was only seen in 4.3 per
cent of cases, which was lower than seen in other
studies (13–21%).2, 18
Some authors have suggested that the use of the
Alvarado score portends a misdiagnosis of appendicitis
in elderly patients21, 23 or recommends use of the
Alvarado score to only “rule out” appendicitis for
scores of 5 or less.24 Our analysis suggests that mod-
ifying the clinical interpretation of the Alvarado score
may result in an appropriate and more timely diagnosis
of appendicitis in this high-risk population. On the
basis of our data, the vast majority of elderly patients
with pathologically confirmed appendicitis (86.6%)
had an Alvarado score ranging from 5 to 8, with nearly
half (40%) scoring either 5 or 6. Therefore, nearly half
of the elderly patients presented with an intermediate
index of suspicion for appendicitis based on current
Alvarado score interpretation. Our study demonstrates
that using the current interpretation of the Alvarado
score in elderly patients would underestimate those
with acute appendicitis, leading to increased risk of
misdiagnosis and associated delays in care with re-
sultant increased morbidity and mortality. To maintain
utility of the scoring system for this growing pop-
ulation, our data suggest that interpretation of Alvar-
ado score should be modified (see Table 6). According
to our data, Alvarado scores ranging from 5 to 10
should correspond to high risk of appendicitis in the
elderly.
This study is limited by its retrospective nature and
inherent inability to exclude biases, such as selection,
presentation, or pathology bias. The population also
represents a cohort from a single institution, which
may harbor inherent selection bias. Additionally, our
data set excludes patients who did not undergo surgical
treatment of appendicitis, such as those treated con-
servatively with antibiotics alone or those who un-
derwent a radiologic drainage procedure for abscess
with subsequent interval appendectomy. However, our
study contains a large number of elderly patients
with acute appendicitis in comparison to prior studies,
and a majority of data were collected from objective
sources.
Conclusion
Physicians should have a higher clinical suspicion of
acute appendicitis in elderly patients who present with
RLQ tenderness, leukocytosis, or presence of left shift,
and should not rule out appendicitis in the absence of
fever or peritoneal signs. Most importantly, this study
suggests that altering our interpretation of the Alvar-
ado score to classify elderly patients who present with
a score of 5 or greater as high risk may lead to more
timely diagnosis of acute appendicitis. Prospective
studies are needed to validate our findings.
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